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We reviewed medical records of patients with unstable intertrochanteric fractures (AO/OTA type 31-A2,
A3) treated with percutaneous non-contact bridging (NCB) plates and with gamma nails and compared
operative data and outcomes. Fifty-two patients received NCB plates (27 males and 25 females; median
age, 77.0 years) and 36 received gamma nails (15 males and 21 females; median age, 77.0 years). Fluo-
roscopy time in the NCB plate group was 34.0 s (IQR: 30.0, 37.5), and in the gamma nail group was 45.0 s
(IQR: 39.0, 51.5, p < 0.001). Hospital stay in the NCB plate group was signiﬁcantly shorter than the
gamma nail group (15.0 days [IQR: 13.0, 16.5] vs. 17.0 days [IQR: 14.0, 19.0], respectively; p ¼ 0.004).
Harris hip scores were similar between the groups at 6 months and 1 year postoperatively. The percu-
taneous NCB plate provides satisfactory results for the treatment of unstable intertrochanteric fractures.
 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Intertrochanteric fractures of the hip are one of the most com-
mon fractures in elder osteoporotic patients, and usually treated by
internal ﬁxation. Stable intertrochanteric fractures (AO/OTA type
31-A1) can be successfully treated with conventional implants such
as dynamic hip screws (DHSs) and proximal femoral nails (PFNs).
However, unstable intertrochanteric fractures are challenging in-
juries that are prone to complications [1e3]. The locking
compression plate (LCP) is an extramedullary internal ﬁxation
systemwhich combines the advantages of both interlocked nailing
techniques and the so-called biological plating technique into one
system. Although it can provide favorable results for the treatment
of complex comminuted and osteoporotic fractures in different
anatomic regions such as the distal femur and proximal tibia, there
are only a few reports on the treatment of intertrochanteric frac-
tures using a LCP [4e6]. In a previous study we reported our ex-
periences of internal ﬁxationwith the locking plate (Weigao, China)
for the treatment of unstable femoral intertrochanteric fractures
[4]. We found that the locking plate had some advantages, and was
an effective implant for unstable intertrochanteric fractures.
However, there were also some problems when using the lockingn121212@126.com (Z. Pan).
by Elsevier Ltd. All rights reservedplate. Because the screws and the plate are combined with a ﬁxed
angle, and the direction of screws cannot be adjusted and it is
difﬁcult to insert screws accurately within the femoral neck. At the
same time, compression between the ends of fracture fragments
cannot be obtained with the locking plate system.
The non-contact bridging (NCB) plate (Zimmer, Inc., Warsaw,
Indiana, USA) was introduced in 2008. Compared with standard
locking systems, a major characteristic of the NCB plate system is
the polyaxial locking screw. The non-threaded connection between
the plate and screws allows screws to be used as lag screws for
fracture reduction at an angle of 0e15 before locking them into a
ﬁnal position. Angular stability is achieved by locking the screw
head into the plate with a locking cap. This makes it possible to
place the screws as needed, achieving mechanically optimal frac-
ture ﬁxation. To date, no NCB plate speciﬁcally designed for the
proximal femur has been introduced. However, we found it was
anatomically suitable for the proximal femur when reversed, i.e., a
plate that would normally be used for the contralateral femur was
turned upside down (Fig. 1). Reports have shown that a reversed
less invasive stabilization system (LISS) can be applied for the
treatment of intertrochanteric fractures [7,8].
The purpose of this study was to evaluate the clinical and
radiological outcomes of unstable intertrochanteric fractures
treated with the NCB plate as compared to fractures treated with
conventional gamma nails..
Fig. 1. The contralateral the non-contact bridging (NCB) plate is anatomically suitable
for the proximal femur when turned upside down. The proximal portion of the plate
contains 6 holes.
Fig. 2. Placement of the non-contact bridging (NCB) plate using a minimally invasive
technique. Kirschner wires are placed using the aiming device, and radiographs are
used to conﬁrm their placement. Kirschner wires are then removed, and screws of an
appropriate length are placed along the direction of the Kirschner wires. Using the
aiming device the distal screws are ﬁxed in the distal femur through the plate.
Z. Hou et al. / International Journal of Surgery 12 (2014) 538e543 539
ORIGINAL RESEARCH2. Materials and methods
We retrospectively reviewed the medical records of the 117th
Hospital in Hangzhou City for patients with AO/OTA type 31-A2 and
31-A3 intertrochanteric fractures treated with NCB plates from
2008 to 2010. We also reviewed the records from 2006 to 2009 to
identify patients with the same type of fractures treated with
gamma nails.
Data of all patients identiﬁed were recorded, and included de-
mographic characteristics, operation time, blood loss, the duration
of image intensiﬁcation, outcomes, and Harris hip scores. Com-
parisons between the 2 groups were performed. This study was
approved by the Institutional Review Board of the hospital, and the
requirement of patient informed consent was waived. All patients
had provided consent for the surgical procedures performed.
3. Surgery
3.1. NCB plate
The NCB DF plate (Zimmer Inc., Warsaw, IN, USA) [9] was used
in all cases; a plate that would normally be used for the contra-
lateral femur was turned upside down and used for fracture repair
(Fig. 1). Patients were positioned supine on a fracture table, and
closed fracture reduction was performed before surgery under
ﬂuoroscopic guidance in anteroposterior and lateral views, and
subsequently secured in traction. Open reduction was performed
when closed reduction was not achieved, in which case a longer
incision and additional exposure to what is described below was
required.
A skin incision was made from the tip of great trochanter which
extended distally about 6 cm. After a longitudinal incision of the
iliotibial band and the vastus lateralis muscle, a submuscular tunnel
was made on the surface of the femur. The aiming device was
attached to a suitable length NCB plate, and the plate was inserted
between the vastus lateralis muscle and the shaft of the femur from
the great trochanter to the distal end of the femur. The proximal
end of the plate was kept in contact with the great trochanter, andthe distal end was kept in contact with the bone surface during
insertion. Two, 2-mm Kirschner wires (K-wires) were then inserted
through the aiming device for temporary ﬁxation of the plate to the
femur (Fig. 2). There are 6 holes in the proximal part of the plate
(Fig. 1). The non-threaded connection between the NCB plate and
screws allows screws to be used as lag screws for fracture reduction
at an angle of 0e15 before locking them into a ﬁnal position. Three
to 4 holes were chosen and screws were inserted at an angle such
that the screws were placed inside the femoral neck. Next, the drill
guide was placed into the proximal hole of the plate in a perpen-
dicular direction, and it was tilted into the required direction. The
drill guide limits the possible angular range for placing the NCB
plate screws to 30. Three or 4, 2-mmK-wires were inserted though
the drill guide into the femoral neck, and the tips of K-wires were
kept 1 cm under the articular surface of femoral head as deter-
mined by ﬂuoroscopy (Fig. 2). The position of the plate and K-wires
were determined on both anteroposterior and lateral views, and if
adequate 3 or 4 bicortical screws were then inserted in the distal
end of the plate through the guide and locked by locking caps.
Using multiple screws can improve the fatigue resistance and
antirotation ability while providing adequate ﬁxation of the plate.
After measuring the depth of the K-wires in femoral neck, the K-
wires were removed and 4.3-mm holes were drilled and 5.0 mm
NCB cancellous compression screws of an appropriate length were
inserted into the femoral neck followed by ﬁxing the locking cap. In
general, 3 or 4 screws were used to ﬁx the proximal end of the
fracture to the plate.3.2. Gamma nails
After induction of anesthesia and positioning of the patient as
described above, a proximal greater trochanter vertex vertical
incision of 3e5 cmwasmade. Dissectionwas performed to the level
of the greater trochanter and gamma nails were inserted in a
standard manner. Brieﬂy, after exposure of the greater trochanter a
guide pin was inserted followed by reaming and insertion of the
nail. The position of the nail was examined, and if the position was
satisfactory it was screwed ﬁrmly into the distal locking screw
within the femoral neck.3.3. Postoperative management and follow-up
Active ﬂexion and extension of the hip and knee of the affected
side was initiated on the second day postoperatively. Partial
Table 2
Surgical data.
NCB plate (n ¼ 52) Gamma nail (n ¼ 36) p-value
Surgical time, min 49.5 (44.0,55.5) 48.5 (39.5,55.0) 0.521
Blood loss, ml 125.0 (100.0,145.0) 105.0 (95.0,135.0) 0.057
Fluoroscopy time, s 34.0 (30.0,37.5) 45.0 (39.0,51.5) <0.001a
Data are presented as median (inter-quartile range).
a Indicates a signiﬁcant difference between the 2 groups.
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Weight-bearing was gradually increased as tolerated, and full
weight-bearing was allowed at about 12 weeks postoperatively
when signs of bone healing were present. Radiographs were per-
formed at 4 weeks, 12 weeks, and 6 months postoperatively. We
collected Harris hip function score data at 6 months as well as 1
year postoperatively. Bone healing was deﬁned as the fracture line
blurred or absent on radiographs, and the patient was able to freely
perform activities without pain.
3.4. Statistical analysis
Continuous normally distributed variables were presented as
mean and standard deviation and compared between groups by the
Student’s t test. Non-normally distributed continuous variables
were presented as median and inter-quartile range (IQR, the range
between the 25th and 75th percentile) and compared between
groups by the ManneWhitney U test. Categorical variables were
expressed by number and percentage, and the Chi-square test was
used to compare groups. SAS software (version 9.2; SAS Institute
Inc., Cary, NC, USA)was used for all statistical analyses. All statistical
assessments were evaluated at a 2-tailed a level of 0.05.
4. Results
There were 52 consecutive patients 60 years of age who
received NCB plates for unstable intertrochanteric fractures from
2008 to 2010, and were included in the analysis. The patients
included 27 males and 25 females with median age of 77.0 years
(IQR: 71.0, 79.0). In addition, there were 36 consecutive patients
60 years of age who received gamma nails for unstable inter-
trochanteric fractures at the same hospital from 2006 to 2009, and
were included in the analysis. The patients included 15 males and
21 females with median age of 77.0 years (IQR: 70.5, 80.0). In the
NCB group, there were 29 patients with AO/OTA type 31-A2 frac-
tures and 23 with type 31-A3 fractures. In the gamma nail group,
there were 15 patients with type 31-A2 fractures and 21 patients
with type 31-A3 fractures. There were no signiﬁcant differences
between the 2 groups with respect to demographic and clinical
characteristics (Table 1).
The surgical data of the 2 groups are shown in Table 2. In the
NCB plate group, the surgical time was 49.5 min (IQR: 44.0, 55.5),
blood loss was 125.0 ml (IQR: 100.0, 145.0), and ﬂuoroscopy time
was 34.0 s (IQR: 30.0, 37.5). In the gamma nail group, the surgical
time was 48.5 min (IQR: 39.5, 55.0), blood loss was 105.0 ml (IQR:
95.0, 135.0), and ﬂuoroscopy timewas 45.0 s (IQR: 39.0, 51.5). There
was a signiﬁcant difference in ﬂuoroscopy time between the 2
groups (p < 0.001).
There were 3 proximal screws that loosened in 2 patients in the
NCB plate group; however, no plate or screw breakage occurred.Table 1
Patient demographic and clinical characteristics.
NCB plate (n ¼ 52) Gamma nail (n ¼ 36) p-value
Age, y 77.0 (71.0,79.0) 77.0 (70.5,80.0) 0.547
Males 27 (51.9%) 15 (41.7%) 0.465
Height, cm 164.0 (155.0,168.5) 161.5 (155.0,169.5) 0.949
Weight, kg 60.6  8.6 57.4  8.5 0.092
SBP, mm Hg 140.0 (120.0,150.0) 140.0 (120.0,140.0) 0.361
DBP, mm Hg 90.0 (80.0,95.0) 90.0 (85.0,92.5) 0.761
Taking antihypertensive
medications
20 (38.5%) 16 (44.4%) 0.733
SBP, systolic blood pressure; DBP, diastolic blood pressure.
Data are presented as median (inter-quartile range), mean  standard deviation, or
number (percentage).There were 2 postoperative complications in the NCB plate group: 1
case of a pulmonary infection and 1 case of a urinary tract infection,
and both resolved after treatment with antibiotics. In the gamma
nail group, there was 1 case of a pulmonary infection and 1 case of
delirium, and both resolve with treatment.
In NCB plate group, 7 patients were lost to follow-up at 6
months after surgery, and 12 patients at 1 year after surgery. Thus,
the follow-up rate for the NCB plate group at 1 year after surgery
was 76.9%. In gamma nail group, 5 patients were lost to follow-up at
6 months after surgery, and 8 patients at 1 year after surgery. Thus,
the follow-up rate for the gamma nail group at 1 year after surgery
was 77.8%. Outcomes of the gamma nail and NCB plate groups are
shown in Table 3. The NCB plate group had a signiﬁcantly shorter
hospital stay than the gamma nail group (15.0 days [IQR: 13.0, 16.5]
vs. 17.0 days [IQR: 14.0, 19.0], respectively; p ¼ 0.004). The average
time to fracture healing for NCB plate group and gamma nail group
was 9.4 weeks and 10.1 weeks, respectively, and the difference was
not statistically signiﬁcant (p > 0.05). There was no difference in
Harris hip score between the 2 groups at either 6 months or 1 year
after surgery. The Harris hip scores in NCB plate group were 82.0
(IQR: 78.0, 88.0) at 6 months and 85.0 (IQR: 79.0, 88.0) at 1 year
after surgery, respectively, and in the gamma nail group were 81.0
(IQR: 77.0, 88.0) at 6 months and 80.0 (IQR: 77.0, 85.0) at 1 year
after surgery, respectively. Representative preoperative and post-
operative follow-up images of 2 patients are shown in Figs. 3 and 4.5. Discussion
The results of this study showed that the NCB locking place
provides good outcomes when used for the treatment of unstable
intertrochanteric fractures. Results are comparable to those of
gamma nails, and the hospital stay is shorter.
Intertrochanteric femoral fractures are one of the most common
fractures seen in the elderly, and are usually treated by internal
ﬁxation. Stable intertrochanteric fractures (AO/OTA type 31-A1) can
be treated successfully with conventional implants such as DHSs
and PFNs. Nevertheless, the optimal implant for ﬁxing unstable
intertrochanteric fractures remains a matter of debate [10,11].
Intramedullary devices have some theoretical advantages over
extramedullary devices, and are widely used for the treatment of
unstable intertrochanteric fractures [12]. However, failures and
complications may occur such as cutout of the proximal screw [13],
diaphyseal fracture at the distal tip of the nail [14], and iliotibial
tract irritation [3]. Speciﬁcally, intramedullary devices are notTable 3
Outcomes.
NCB plate (n ¼ 52) Gamma nail (n ¼ 36) p-value
Hospital stay, d 15.0 (13.0,16.5) 17.0 (14.0,19.0) 0.004a
Harris hip function score
6 months 82.0 (78.0,88.0) 81.0 (77.0,88.0) 0.763
1 year 85.0 (79.0,88.0) 80.0 (77.0,85.0) 0.101
Data are presented as median (inter-quartile range).
a Indicates a signiﬁcant difference between the 2 groups.
Fig. 3. An 81-year-old female with an unstable intertrochanteric fracture of the right hip. A) Preoperative anteroposterior radiograph showing the fracture. B) Radiograph at 3 days
after surgery showed stable ﬁxation. C) At 1 year after surgery the fracture was clinically and radiographically healed.
Fig. 4. An 85-year-old male with an unstable intertrochanteric fracture of the right hip. A) Preoperative anteroposterior radiograph showing the fracture. B) Radiograph at 3 days
after surgery showed stable ﬁxation. C) At 1 year after surgery the fracture was clinically and radiographically healed.
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Chinese elders [16]. Chinese femurs are not suitable for intra-
medullary nailing because of an increased bow as compared to
other ethnicities, and smaller size is a limitation as there is an
inability to get good proximal screw hold in the femoral head. Su
et al. [17] found that under physiologic loading in a simulated 3-
part unstable femoral intertrochanteric fracture, inferior and
lateral displacements of the femoral head ﬁxed by DHSs with an
attachable lateral support plate were signiﬁcantly less than those
ﬁxed by DHSs alone. The lateral support plate acts as a buttress
against the lateral aspect of the greater trochanter, blocking the
lateral displacement of the head and neck fragment. Gotfried [18]
and Yang [19] also proved the importance of protection of the
lateral trochanteric wall in the treatment of intertrochanteric
fractures.
All intramedullary nails now used have a larger diameter in the
proximal end (PFNs 17 mm, gamma nails 15.5 mm). During the
process of reaming and inserting the nails in the proximal femur, it
is possible to worsen the comminution and separation of thegreater trochanter fracture fragments. Additionally, the lateral wall
of the proximal femur may be broken during drilling or inserting
the lag screw. As an extramedullary device, a lateral plate attached
to greater trochanter and the lateral wall of proximal femur could
offer substantial support and protection of the lateral wall of the
proximal femur in cases of intertrochanteric fractures, especially in
cases in which there is a major fracture fragment.
There have been several clinical studies using proximal femoral
locking plates [4e6] or reversed femoral LISS [7,8] to treat proximal
femoral fractures. The results of these studies have shown that the
femoral locking plate is a safe and satisfactory option for the treat-
ment of proximal femoral fractures. However, we found some limi-
tations with locking plates. Because screws and the plate are
combined at a ﬁxed angle, and the direction of the screws cannot be
adjustedmaking it difﬁcult to insert the screws accuratelywithin the
femoral neck. Furthermore, compression between the ends of frac-
ture fragments cannot be obtained using the locking plate system.
Compared with standard locking systems, a major characteristic
of the NCB plate system is the polyaxial locking screw. The non-
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to be used as lag screws for fracture reduction at an angle of 0e15
before locking them into a ﬁnal position. Angular stability is ach-
ieved by locking the screw head into the plate with a locking cap.
This makes it possibility to place the screws as needed, and to
achieve a mechanically optimal ﬁxation of the fracture. Stoffel et al.
[20] compared the biomechanical stability of bone-plate constructs
using a compression plate (CP, Zimmer Inc., Warsaw, Indiana), LISS,
and a NCB plate. The results of the study revealed that the NCB plate
combined the advantages both of the compression plate and the
locking plate, resulting in a higher load to failure under axial
compression and torsion. The authors concluded that the combi-
nation was clinically advisable in intraarticular and extraarticular
fractures of long bones with a metaphyseal comminution. We
found it was convenience to insert screws into the femoral neck of
elder patients, even in patients with a small cross-sectional area of
the femoral neck or with an abnormal neck-shaft angle. Streubel
et al. [21] performed locking compression plate ﬁxation (4.5-mm
LCP; Synthes, Paoli, PA) for the treatment of 29 unstable inter-
trochanteric fractures, and reported amechanical failure rate of 37%
(deﬁned as loss of alignment of at least 10 or shortening of at least
2 cm). The differences between our results and those of Streubel
et al. [21] may be due to surgical technique or plate design. How-
ever, our results imply that NCB plates are useful when there are
greater trochanter isolated fracture fragments and for lateral wall
comminuted intertrochanteric fractures.
Study has shown that the volume of implant in the femoral neck
has an inﬂuence on the blood supply of the femoral head [22]. The
diameters of the 2 proximal nails in the femoral neck of PFNs are
8.0 mm and 6.4 mm, and the diameter of the PFNA helical blade is
11 mm. The diameter of gamma nails is 10.5 mm. The diameter of
NCB cancellous compression screws is 5 mm, and usually at least 3
NCB screws can be inserted into femoral neck. This allows stability
of the fracture with minimal interference to the blood supply of
femoral head.
There are many methods for fracture ﬁxation including IM nails
with an additional antirotational mechanism like an antirotation
screw (PFN) or a helical neck blade (PFNA). We have found that a
PFN dual nail design is not as easy to place as a single nail, and it
may produce a zig-zag effect. In our hospital, we primarily use
gamma nails and PFNAs. PFNAs have a strong anti-rotation capa-
bility and are better for patients with osteoporosis, but they cannot
be used to apply any pressure to the fracture site.
There are limitations of this study that should be considered.
First, is the retrospective nature; however, the 2 groups were
similar with respect to demographic and clinical characteristics.
Second, the number of cases was relatively small. We did not
calculate the distance between the screw tip and the apex of the
femur very precisely, and a greater tip-apex distance may increase
the chances of screw cut-out in osteoporotic patients. Lastly,
postoperatively partial weight-bearing was allowed before full
weight-bearing which can be difﬁcult for many elderly in countries
where the elderly predominately live independently. According to
conventional Chinese medical practice, elderly hip fracture patients
need to rest for some time, regardless of the use of internal ﬁxation,
and they are not immediately allowed full weight bearing. Almost
all elderly hip fracture patients in China live with their children for
some time after discharge, and in this situation partial weight
bearing can be achieved. Thus, there are differences in imple-
mentation between countries.
6. Conclusion
The results of this study showed that the NCB plate system
provides satisfactory results for the management of unstableintertrochanteric fractures. The outcomes are comparable to those
with gamma nails, with a shorter hospital stay.
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